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THERMAL-ASSISTED MAGNETIC
RECORDING DEVICE CAPABLE OF
WRITING MAGNETIC PATTERNS ON
LOWER MULTI-STEP DRIVING SIGNALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-158031,
filed on Aug. 1, 2014; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a mag-
netic disk device, a preamplifier, and a control method.

BACKGROUND

In recent years, a thermal-assisted magnetic recording
scheme is received a lot of attention as a technology of mak-
ing high-density magnetic recording enable. The thermal-
assisted magnetic recording scheme converts a laser beam
generated by a light source (a laser diode) into a near-field
light beam using a light irradiation element (a near-field ele-
ment), and irradiates a part of a recording layer of a magnetic
disk with the light beam to locally raise the temperature of the
magnetic disk. Then, the heated portion is applied with a
magnetic field by a magnetic write head to magnetically
record data. It is desirable that the data recorded by the ther-
mal-assisted magnetic recording scheme be improved in reli-
ability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration of a mag-
netic disk device according to a first embodiment;

FIG. 2 is a diagram illustrating a configuration related to an
RDC in the first embodiment;

FIG. 3 is a diagram illustrating configurations of the RDC
and a preamplifier in the first embodiment;

FIG. 4 is a waveform diagram illustrating an operation of
the magnetic disk device according to the first embodiment;

FIG. 5 is a waveform diagram illustrating an operation of
the magnetic disk device according to the first embodiment;

FIG. 6 is a diagram illustrating a relation between a read
signal quality and an amplitude setting value in the first
embodiment;

FIG. 7 is a waveform diagram illustrating an operation of
the magnetic disk device according to the first embodiment;

FIG. 8 is a diagram illustrating a relation between a read
signal quality and an attenuation rate setting value in the first
embodiment;

FIG. 9 is a waveform diagram illustrating an operation of a
magnetic disk device according to a modified example of the
first embodiment;

FIG. 10 is a waveform diagram illustrating an operation of
a magnetic disk device according to a second embodiment;

FIG. 11 is a waveform diagram illustrating an operation of
the magnetic disk device according to the second embodi-
ment;

FIG. 12 is a waveform diagram illustrating an operation of
a magnetic disk device according to a third embodiment; and

FIG. 13 is a diagram illustrating configurations of an RDC
and a preamplifier in a fourth embodiment.
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2
DETAILED DESCRIPTION

In general, according to one embodiment, there is provided
a magnetic disk device including a light irradiation element
and a control unit. The light irradiation element is configured
to irradiate a magnetic disk with light according to a driving
signal. The control unit is configured to lower, in multistep
manner, active level of the driving signal contributing inten-
sity of the light when a low frequency pattern of write data is
recorded into the magnetic disk.

Exemplary embodiments of a magnetic disk device will be
explained below in detail with reference to the accompanying
drawings. The present invention is not limited to the follow-
ing embodiments.

(First Embodiment)

The outline of a magnetic disk device 100 according to a
first embodiment will be described using FIGS. 1 and 2. FIG.
1 is adiagram illustrating a configuration of the magnetic disk
device according to the embodiment. FIG. 2 is a diagram
illustrating a configuration relating to data recording by the
magnetic disk device according to the embodiment.

A magnetic disk 50 is a recording medium to record vari-
ous types of information, and is rotatably driven by a spindle
motor 103. The magnetic disk 50, for example, includes a
plurality of concentric tracks disposed about a rotation center
of the spindle motor 103.

A read and write operation to the magnetic disk 50 is
performed by a magnetic head 5 which is provided in a head
slider 104 at a tip end of an arm 107. The magnetic head 5
includes a write head 5w and a read head 5r.

The magnetic head 5 moves relative to a surface of the
magnetic disk 50 in a direction to the down track while
maintaining a state of slightly floating from the surface of'the
magnetic disk 50 by a floating force generated as the magnetic
disk 50 rotates. The write head 5w records information on the
magnetic disk 50 using a magnetic field generator 5d to be
described below.

At this time, as illustrated in FIG. 2, in the write head 5w,
a laser beam generated by a light source (for example, a laser
diode (D)) 5a is guided to a near-field element (a light
irradiation element) 5¢ through a waveguide 56 according to
a thermal-assisted magnetic recording scheme. The laser
beam is converted into a near-field light beam by the near-
field element 5¢ and emitted onto a part of the surface of the
magnetic disk 50. The write head 5w applies a magnetic field
generated by the magnetic field generator 54 onto a portion of
the magnetic disk 50 of which the temperature is locally
increased by the near-field light beam from the near-field
element 5c¢, and magnetically records information. For
example, the magnetic field generator 54 writes data onto the
magnetic disk 50 while inverting a direction of the magnetic
field according a bit value (0 or 1) of the writing data. In other
words, the write head 5w is used in a write operation which is
performed on the magnetic disk 50 according to the thermal-
assisted magnetic recording scheme. It should be noted that
the light source 5a may be provided on the outside of the
magnetic head 5 as long as the laser beam can be supplied to
the near-field element (the light irradiation element) 5¢
through the waveguide 54. The read head 57 reads the infor-
mation recorded in the magnetic disk 50 through a magne-
toresistive element Se. In other words, the read head 5r is used
in a read operation performed on the magnetic disk 50.

The arm 107 rotates on a circular art about a shaft 108 by a
voice coil motor 102 which is provided on another end of the
arm 107 illustrated in FIG. 1. Therefore, the write head 5w
and the read head 5r seek-moves in a cross-track direction of
the magnetic disk 50, and positioned at a target track to be



US 9,336,813 B2

3

read/written. The magnetic disk 50, the magnetic head 5, the
voice coil motor 102, and the spindle motor 103 are housed in
a case 101.

Further, the magnetic disk device 100 includes a magnetic
recording control unit 120. The magnetic recording control
unit 120 includes a head control unit (a preamplifier) 123, a
power control unit 121, a read write channel (RDC) 124, a
hard disk control section (HDC) 122, and a storage unit 125.
Thehead control unit 123 includes a write current control unit
123a, a read signal detecting unit 1235, and a thermal-as-
sisted control unit 123¢. The power control unit 121 includes
a spindle motor control unit 121¢ and a voice coil motor
control unit 1215. The storage unit 125, for example, is con-
figured by a nonvolatile memory (ROM, flash memory,
FeRAM, MRAM, ReRAM, PRAM, and the like).

The HDC 122 generates a predetermined command and/or
data 51 according to a command and/or data 1 received from
a host HS through a host I/F 1224, and outputs the predeter-
mined command and/or data to the RDC 124. The RDC 124
performs control according to the received predetermined
command and/or data 51. For example, in a case where a write
command is received, the RDC 124 generates data ¢54 to be
written in the magnetic disk 50 and outputs the data to the
preamplifier 123.

The storage unit 125 stores a setting parameter group 125a.
The setting parameter group 125a includes a plurality of
parameters as candidates which are used for adjustment in
parameter to be described below.

As illustrated in FIG. 3, the RDC 124 includes a clock
generating circuit 157, a data generating circuit 135, a refer-
ence pulse generating circuit 136, a first delay circuit 140, and
a second delay circuit 142. FIG. 3 is a diagram illustrating
configurations of the RDC 124 and the preamplifier 123. The
clock generating circuit 157 generates a write clock ¢62 and
supplies the write clock to the data generating circuit 135 and
the reference pulse generating circuit 136. The data generat-
ing circuit 135 generates write data ¢54 to be written in the
magnetic disk 50 in synchronization with the write clock $62
according to the command and/or data 51. The data generat-
ing circuit 135 delays the generated write data ¢54 by the first
delay circuit 140 and supplies the write data to the preampli-
fier 123. The reference pulse generating circuit 136 generates
a reference pulse ¢200 in synchronization with the write
clock ¢62. The reference pulse ¢200 is a reference pulse used
when the preamplifier 123 generates a driving current $58 of
the light source (LD) 54, and a pulse to define a transition time
point between a high level and a low level. The reference
pulse $200 has a constant amplitude and a constant period.
The reference pulse generating circuit 136, for example, can
generate the reference pulse ¢200 based on the write clock
$62. The reference pulse generating circuit 136 delays the
generated reference pulse ¢200 by the second delay circuit
142 and supplies the reference pulse to the preamplifier 123.

In the thermal-assisted magnetic recording scheme, there
is performed control in which the magnetic disk 50 is heated
by the near-field light beam generated by driving the light
source (D) 5a in a pulse-like manner and a magnetic field
generated from the magnetic field generator 54 is adjusted,
and records information onto the magnetic disk 50. At this
time, it is assumed that control is performed to make a write
temperature of the magnetic disk 50 uniformed.

In this case, the preamplifier 123 receives the reference
pulse $200 in synchronization with the write clock $62. The
preamplifier 123 supplies a driving signal (an LD pulse sig-
nal) $58 corresponding to the reference pulse $200 to the light
source (LD) 5a and thus drives the light source (LD) 5a in a
pulse-like manner. The near-field element 5c¢ receives light
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4

generated by the light source 5a through the waveguide 55
and emits the near-field light beam according to the received
light. That is, the near-field element S¢ irradiates the magnetic
disk 50 with light according to the driving signal. At this time,
the write temperature of the magnetic disk 50 is controlled to
be uniformed, and the write data $54 is recorded in the mag-
netic disk 50.

However, in such a data recording configuration using the
pulse driving of the light source (LD) 5a, an appropriate write
temperature of each recording bit may be different according
to a pattern of the write data ¢54. Therefore, when the write
temperature of the magnetic disk 50 is controlled to be uni-
formed, there is a possibility to cause degradation in a read
signal quality.

For example, the write data ¢54 includes a high frequency
pattern HFP and a low frequency pattern LFP (see FIGS. 4A
to 4E). The high frequency pattern HFP is a pattern in which
bits having the same polarity immediately after the polarity is
inverted are included as many as a predetermined period (for
example, one bit period 1T). The low frequency pattern LFP
is a pattern following the high frequency pattern HFP. In other
words, the low frequency pattern LFP is a pattern in which
bits having the same polarity continue after the continuation
of bits having the same polarity during the predetermined
period (for example, one bit period 1T) since the polarity is
inverted. In a recording operation of the low frequency pattern
LFP, the appropriate write temperature tends to be lowered as
it goes from bit B0 toward latter bits B1 to B4.

For example, when being expressed in a format of “Bit
Identifier(Bit Value)”, it is considered a bit pattern arranged in
an order of bit B30(0), bit BO(1), bit B1(1), bit B2(1), bit
B3(1), and bit B4(1). In such a bit pattern, bit BO(1) corre-
sponds to the high frequency pattern HFP, and bit B1(1) to bit
B4(1) correspond to the low frequency pattern LFP. In a case
where the write temperature is set to be constant for the high
frequency pattern and the low frequency pattern (the case
depicted by the broken line in FIG. 4D), the write temperature
of'bit B0 is appropriately adjusted in the recording operation
of the high frequency pattern HFP. On the other hand, in the
recording operation of the low frequency pattern LFP, the
write temperature is not appropriately adjusted in each of bits
B1to B4. Therefore, the amplitude of'a waveform (read wave)
of'read data $57 corresponding to the write data ¢54 becomes
easy to be attenuated in an area where the low frequency
pattern LFP is recorded. In other words, the read signal qual-
ity is easily degraded (as depicted with the broken line in FIG.
4E)

The followings may be considered as factors to cause the
degradation in the read signal quality. In the magnetic disk 50,
a magnetostatic interaction with a recorded bit is exerted in a
direction to reinvert (destabilize) the recorded bit in an area
where bits having the same polarity continue (the recording
area of the low frequency pattern LFP). On the other hand, the
magnetostatic interaction is exerted in a direction to combine
(stabilize) the recording bits in an area where bits having the
reverse polarity are adjacent (the recording area of the high
frequency pattern HFP). In other words, in the area where the
bits having the same polarity continue (the recording area of
the low frequency pattern LFP), the write temperature needs
not to be increased by an amount according to tendency of
easy magnetization inversion due to the magnetostatic inter-
action. However, in the area where the bits having the reverse
polarity are contiguously existed (the recording area of the
high frequency pattern HFP), the magnetization inversion is
difficult to occur due to the magnetostatic interaction, so that
the write temperature is necessarily increased more than the
case of the low frequency pattern LFP. Therefore, when the
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recording operation is uniformly performed on each record-
ing bit by controlling the write temperature of the magnetic
disk 50 to be optimized to the high frequency pattern HFP, the
write temperature of each bit becomes higher than the appro-
priated write temperature in the recording area of the low
frequency pattern LFP where the recording bits are easily
destabilized due to the magnetostatic interaction. Then, sur-
plus thermal energy is unnecessarily applied in the recording
operation (magnetization inversion). When the surplus ther-
mal energy is applied, since a coercive force is excessively
reduced, the reinversion of magnetization after recording is
increased due to the magnetostatic interaction exerting in a
direction to reinvert the recorded bit.

For example, in the magnetic disk 50, a bit error caused by
variation in position and size of the magnetic particle is
reduced by expressing 1-bit information using a plurality of
magnetic particles. For example, when being expressed in a
format of “Bit Identifier(Bit Value)”, it is considered a bit
pattern arranged in an order of bit B20(0), bit B10(1), bit
B11(1), bit B12(1), bit B13(1), bit B14(1), and bit B15(1). In
such a bit pattern, bit B10(1) corresponds to the high fre-
quency pattern HFP, and bit B11(1) to bit B15(1) correspond
to the low frequency pattern LFP. Considering the recording
operation of the high frequency pattern HFP, a magnetic
particle group MG20 of bit B20 and a magnetic particle group
MG10 of bit B10 are recorded on the magnetic disk 50 in
magnetization directions which are inversed in direction.
Therefore, a direction of the magnetostatic interaction which
the magnetic particle group MG10 of bit B10 receives from
the magnetic particle group MG20 of bit B20 can become
substantially equal to the magnetization direction intended to
record on the magnetic particle group MG10.

On the other hand, considering the recording operation of
the low frequency pattern LFP, each of bits B11 to B15 is
recorded in substantially the same magnetization direction as
that of an already recorded bit (that is, a bit on the previous
side) on the magnetic disk 50. Therefore, the magnetostatic
interaction exerted from the magnetic particle group of the
already recorded bit to magnetic particle groups MG11 to
MG15 of bits B11 to B15 becomes inversed to the magneti-
zation direction intended to record on the magnetic particle
group. Further, an absolute value of the energy of the mag-
netostatic interaction exerted to the magnetic particle group
MG15 of bit B15 is increased as large as the magnetostatic
interaction is exerted from the magnetic particle group of
many more bits to be recorded in substantially the same
magnetization direction compared to the magnetostatic inter-
action exerted to the magnetic particle group MG11 of bit
B11.

In other words, the magnetostatic interaction exerted from
the already recorded bit tends to be stronger in a direction
inversed to the magnetization direction to be recorded as it
goes from bit B10 toward latter bits B11 to B15 (the absolute
value of the energy becomes large). Therefore, when a ther-
mal intensity (write temperature) of the magnetic disk 50 is
controlled to be constant in the recording operation of the low
frequency pattern LFP, the magnetostatic interaction is
increasingly exerted as it goes from bit B10 toward latter bits
B11to B15, so that the reinversion may easily occur due to the
surplus thermal energy. Accordingly, when the magnetization
of some of magnetic particles in the magnetic particle group
of each bit appearing after bit B0 is reinversed, an amplitude
of the waveform of the read data is attenuated, so that the read
signal quality is easily degraded.

In the embodiment, when the low frequency pattern of the
write data is recorded, an active level of a driving signal
contributing to the light emission of the light source is appro-
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6

priately adjusted (for example, optimized), so that the rein-
version is suppressed in the magnetic particle group of each
bit of the low frequency pattern and thus the read signal
quality is improved. In addition, the active level of the driving
signal is a high level in a case where the driving signal is a
pulse signal, and a DC level in a case where the driving signal
is a DC signal. For example, in the embodiment, when the low
frequency pattern is recorded, the active level of the driving
signal is controlled to gradually become a small value. It
should be noted that in this specification the expression
“when . . . is recorded” may mean that “at the timing
when . . . is recorded” or may mean that “in a case where . . .
is recorded”.

Returning to FIG. 3, specifically, the preamplifier 123
includes a read/write processing unit 302, an adjusting unit
303, and a driving unit 301.

The read/write processing unit 302 receives the write data
$54 from the RDC 124. The read/write processing unit 302
generates a write current $56 according to the write data ¢54
and supplies the write current to the magnetic head 5. There-
fore, the magnetic field generator 5d (see F1G. 2) of the write
head 5w generates a magnetic field according to the write
current $56 to write data in the magnetic disk 50.

The adjusting unit 303 generates a thermal-assisted control
signal $55 using the reference pulse ¢$200 according to a
pattern of the write data $54. When it is determined that it is
a time point to record the high frequency pattern HFP of the
write data ¢54 into the magnetic disk 50, the adjusting unit
303 generates the thermal-assisted control signal ¢$55 which
makes an instruction to maintain the high level of the LD
pulse signal ¢58 to be a reference level Lref. When it is
determined that it is a time point to record the low frequency
pattern LFP of the write data $54 into the magnetic disk 50,
the adjusting unit 303 generates the thermal-assisted control
signal $55 which makes an instruction to appropriately adjust
(for example, optimize) the high level of the LD pulse signal
$58.

For example, the adjusting unit 303 includes a data pattern
determiner 303¢ and a level setter 3035. The data pattern
determiner 303a receives the write data ¢54 as an input, and
determines whether the bit pattern of a recording target in the
write data ¢54 is the high frequency pattern or the low fre-
quency pattern.

When an elapsed time after the polarity of the bit is inverted
falls within the predetermined period (for example, one bit
period 1T), the data pattern determiner 303a determines that
the bit pattern to be recorded is the high frequency pattern. In
a case where the bit pattern to be recorded is the high fre-
quency pattern, the data pattern determiner 303a outputs a
modulation discrimination signal indicating that the bit pat-
tern is the high frequency pattern toward the level setter 3035.

When the elapsed time after the polarity of the bit is
inverted exceeds the predetermined period (for example, one
bit period 1T), the data pattern determiner 303a determines
that the bit pattern to be recorded is the low frequency pattern.
In a case where the bit pattern to be recorded is the low
frequency pattern, the data pattern determiner 303a outputs a
modulation discrimination signal indicating that the bit pat-
tern is the low frequency pattern toward the level setter 3035.

The level setter 3035 receives the reference pulse signal
$200 as an input. Further, the level setter 3035, as to be
described below, includes a setting parameter which is previ-
ously adjusted, and generates the thermal-assisted control
signal $55 based on the reference pulse signal $200 according
to the setting parameter. The setting parameter includes an
amplitude setting value and an attenuation rate setting value.
The level setter 3035 generates a pulse signal as the thermal-
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assisted control signal $55 transitioning between the high
level and the low level in synchronization with the reference
pulse signal $200, and at this time sets the amplitude of the
high level according to the amplitude setting value. The level
setter 3035 supplies the generated thermal-assisted control
signal ¢55 to the driving unit 301.

For example, the data pattern determiner 303a receives the
write data $54 illustrated in FIG. 4B in synchronization with
the write clock ¢62 illustrated in FIG. 4A. FIGS. 4A to 4E are
waveform diagrams illustrating signals shown in the RDC
124 and the preamplifier 123. The data pattern determiner
303a determines whether the bit pattern to be recorded is the
high frequency pattern HFP or the low frequency pattern LFP,
and supplies the determination result to the level setter 3034.

In a case where a modulation discrimination signal indi-
cating a high frequency pattern HFP-3 illustrated in FIG. 4B
is received, the level setter 3035 generates the thermal-as-
sisted control signal ¢55 as illustrated in FIG. 4C. In other
words, the level setter 3036 supplies the thermal-assisted
control signal ¢55 to the driving unit 301 while holding the
amplitude of the thermal-assisted control signal ¢55 to a
reference amplitude A according to the amplitude setting
value. Therefore, an LD driver 3014 of the driving unit 301
generates the LD pulse signal $58 of which the high level is
held to the reference level Lref and supplies the LD pulse
signal ¢58 to the light source (LD) 5a.

In a case where a modulation discrimination signal indi-
cating a low frequency pattern LFP-3 illustrated in FIG. 4B is
received, the level setter 3035 generates the thermal-assisted
control signal $55 as illustrated in FIG. 4C. In other words,
the level setter 3035 supplies the thermal-assisted control
signal ¢55 to the driving unit 301 while attenuating the ampli-
tude of the thermal-assisted control signal $55 from the ref-
erence amplitude ‘A’ in multistep manner at an attenuation
rate ‘r’ according to the attenuation rate setting value. There-
fore, the LD driver 3014 generates the LD pulse signal ¢58 of
which the high level is lowered from the reference level Lref
in multistep manner, and outputs the LD pulse signal ¢58 to
the light source (LD) 5a.

In this way, as illustrated in FIG. 4C, in a case where the
high frequency pattern is written in the magnetic disk 50, the
LD driver 301a holds the high level ofthe LD pulse signal ¢58
to the reference level Lref. Further, in a case where the low
frequency pattern is written in the magnetic disk 50, the LD
driver 3014 of the driving unit 301 lowers the high level of the
LD pulse signal $58 from the reference level Lref in multistep
manner (the amplitude is attenuated from the reference
amplitude ‘A’ in multistep manner). Therefore, as illustrated
in FIG. 4D, when the low frequency pattern of the write data
is recorded, the write temperature of the magnetic disk 50 can
be lowered from a reference temperature T in multistep man-
ner. As a result, the reinversion in the magnetic particle group
of each bit in the low frequency pattern can be suppressed,
and the read signal quality can be improved as illustrated in
FIG. 4E. In addition, for comparison, FIG. 4E illustrates a
waveform of a read signal with the broken line in a case where
the write temperature becomes constant with respect to the
high frequency pattern and the low frequency pattern. It
should be noted that in this specification the expression “low-
ers . . . signal . . . from the reference level . . . in multistep
manner” may mean lowering the signal such that active levels
including the reference level constitutes multistep waveform.

It should be noted that, although a period in which the high
level is lowered in multistep manner in a case where the low
frequency pattern is written in the magnetic disk 50 has been
illustrated as one bit period (1T) in FIGS. 4A to 4E, the period
may be N (N=2) bit periods (NxT). In this case, the data
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pattern determiner 303a can determine a pattern including
bits ofthe same polarity as many as N bit periods immediately
after the polarity is inverted as the high frequency pattern.
Further, the data pattern determiner 303a can determine a
pattern in which bits having the same polarity continue after
the continuation of bits having the same polarity during N bit
periods since the polarity is inverted as the low frequency
pattern.

For example, the period in which the high level is lowered
in multistep manner can be set to two bit periods (27T). In this
case, the data pattern determiner 303a determines a pattern
HFP including bits having the same polarity as many as two
bit periods (2T) immediately after the polarity is inverted as
the high frequency pattern. The data pattern determiner 303«
determines a pattern LFP in which bits having the same
polarity continue after the continuation of bits having the
same polarity during two bit periods (2T) since the polarity is
inverted as the low frequency pattern. In a case where the low
frequency pattern LFP is written in the magnetic disk 50, the
level setter 3035 lowers the high level of the thermal-assisted
control signal ¢$55 from the reference level Lref in multistep
manner during two bit periods (27T).

In other words, since the period to lower the high level in
multistep manner is over a plurality of bit periods, a timing
margin of the circuit (for example, the LD driver 301qa) in the
preamplifier 123 can be easily secured, and the circuit opera-
tion in the preamplifier 123 can be stabilized.

Inthe magnetic disk device 100, the setting parameter used
to generate the thermal-assisted control signal $55 can be
experimentally acquired and adjusted in advance and set to
the preamplifier 123, but the adjusting unit 303 of the pream-
plifier 123 may have a training function. In a case where the
adjusting unit 303 has the training function, the setting
parameter can be adjusted in correspondence with a secular
change in recording property of the magnetic disk 50, so that
the reliability of the read data can be easily improved. Further,
in this case, the storage unit 125 can be configured using a
volatile memory (a DRAM, an SRAM, and the like) instead
of the nonvolatile memory.

Herein, the adjustment of the setting parameter to be used
for generating the thermal-assisted control signal ¢55 will be
described using FIGS. 5 to 8. FIGS. 5A to 5D are diagrams for
describing the adjustment of the reference level Lref. FIGS.
7A to 7D are diagrams for describing the adjustment of the
attenuation rate ‘r’. FIG. 6 is a diagram illustrating a relation
between the read signal quality and the amplitude setting
value. FIG. 8 is a diagram illustrating a relation between the
read signal quality and the attenuation rate setting value. It
should be noted that, although the description will be made
about an example of the adjustment of the setting parameter in
a case where the period to lower the high level in multistep
manner is over two bit periods, the invention can be similarly
applied even to a case where the period to lower the high level
in multistep manner is over one bit period or three bit periods
or more.

First, a method of adjusting the high level (the reference
level Lref) of the LD pulse signal for recording the high
frequency pattern will be described.

As illustrated in FIGS. 5A to 5D, for the decision of the
high level of the LD pulse signal, that is, the reference level
Lref, the read signal quality which is obtained when high
frequency patterns HFP1 to HFP3 of two bit periods (2T)
similarly to the period to lower the high level in multistep
manner are recorded is used as an evaluation index, and the
high level is adjusted according to the decision. A signal noise
ratio (SNR) is used as the read signal quality.
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Specifically, in the RDC 124, the data generating circuit
135 generates write data ¢54a for training which transitions
between the high level and the low level during two bit peri-
ods (2T) in synchronization with the write clock ¢62. The
data generating circuit 135 writes information according to
the write data ¢54a for training in the magnetic disk 50
through the read/write processing unit 302 and the write head
Sw.

At this time, the level setter 3035 accesses the storage unit
125 and acquires a plurality of amplitude setting values serv-
ing as candidates of the reference amplitude ‘A’ correspond-
ing to the reference level Lref from the setting parameter
group 125a. For example, the level setter 3035 acquires
amplitude setting values A1, A3, and A2 illustrated in FIG. 5C
from the setting parameter group 125q. The level setter 3035
selects one of the plurality of amplitude setting values A1, A3,
and A2, and adjusts the amplitude of the reference pulse ¢200
according to the selected amplitude setting value to generate
a thermal-assisted control signal $55a. The level setter 3035
supplies the generated thermal-assisted control signal $55a to
the LD driver 301a. The LD driver 301a drives the light
source (LLD) 5a in a pulse-like manner according to the driv-
ing signal (an LD pulse signal) ¢58a corresponding to the
thermal-assisted control signal $p55a.

For example, in a case where the amplitude setting value
A1 depicted by the broken line in FIG. 5C is selected, the
write temperature of the magnetic disk 50 becomes a write
temperature T1 depicted by the broken line in FIG. 5D. In a
case where the amplitude setting value A2 depicted by the
solid line in FIG. 5C is selected, the high level of the LD pulse
signal $58a becomes higher, so that the write temperature of
the magnetic disk 50 is increased to be a write temperature T2
depicted by the solid line in FIG. 5D. In a case where the
amplitude setting value A3 depicted by the bold line in FIG.
5C is selected, the high level of the LD pulse signal ¢58a
becomes an intermediate level between the amplitude setting
value A1 and the amplitude setting value A2, so that the write
temperature of the magnetic disk 50 becomes a write tem-
perature T3 depicted by the bold line in FIG. 5D.

Then, the read/write processing unit 302 reads the infor-
mation according to the write data ¢54a for training as the
read signal ¢57 from the magnetic disk 50 through the read
head 5r. Asillustrated in FIG. 3, the RDC 124 further includes
a signal quality calculating circuit 164. The signal quality
calculating circuit 164 receives the read signal ¢57 from the
read/write processing unit 302. The signal quality calculating
circuit 164 extracts a signal component and a noise compo-
nent from the read signal $57, and calculates an SNR by
dividing the signal component by the noise component. The
signal quality calculating circuit 164 supplies the calculated
SNR to the level setter 3035.

The level setter 3035 holds the SNR value supplied from
the signal quality calculating circuit 164 for each of the
selected amplitude setting values. Therefore, the level setter
3035 can accumulate information relating to the read signal
quality as depicted by the dashed line in FIG. 6, and determine
an amplitude setting value of which the read signal quality
falls within an allowance range (for example, an amplitude
setting value having the highest SNR value) as the reference
amplitude ‘A’ among the plurality of amplitude setting values.
Inthe case illustrated in FIG. 6, assuming the respective SNR
values of the plurality of amplitude setting values A1, A3, and
A2 as SNR1, SNR3, and SNR2, the following relation is
satisfied.

SNR3>SNR1, and

SNR3>SNR2
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Therefore, the amplitude setting value A3 among the plurality
ofamplitude setting values A1, A3, and A2 can be determined
as the reference amplitude ‘A’. At this time, the write tem-
perature T3 corresponding to the amplitude setting value A3
becomes the reference temperature ‘1.

In addition, an error rate (ER) may be used as the recording
read signal quality instead of the signal noise ratio (SNR). In
this case, the signal quality calculating circuit 164 acquires a
result of error correction from an error correction circuit (not
illustrated) in the RDC 124 to calculate an ER value accord-
ing to the result of error correction, and supplies the ER value
to the level setter 3035. Therefore, the level setter 3035 can
accumulate information relating to the read signal quality as
depicted by the solid line in FIG. 6, and determine an ampli-
tude setting value of which the read signal quality falls within
an allowance range (for example, an amplitude setting value
having the lowest ER value) as the reference amplitude ‘A’
among the plurality of amplitude setting values. In the case
illustrated in FIG. 6, assuming the respective ER values of the
plurality of amplitude setting values A1, A3, and A2 as ER1,
ER3, and ER2, the following relation is satisfied.

ER3<ERI, and

ER3<ER2

Therefore, the amplitude setting value A3 among the plurality
ofamplitude setting values A1, A3, and A2 can be determined
as the reference amplitude ‘A’. At this time, the write tem-
perature T3 corresponding to the amplitude setting value A3
becomes the reference temperature ‘1.

Next, a method of adjusting an attenuation rate of the
amplitude of the LD pulse signal when the low frequency
pattern is recorded will be described.

As illustrated in FIGS. 7A to 7D, when the attenuation rate
of the amplitude of the LD pulse signal is determined, the
recording read signal quality when low frequency patterns
LFP11 and LFP12 are recorded after two bit periods (2T)
elapse since the polarity of the bit is inverted is used as the
evaluation index, and the attenuation rate is adjusted. The
SNR is used as the recording read signal quality.

Specifically, in the RDC 124, the data generating circuit
135 generates write data ¢545 for training which transitions
between the high level and the low level during three or more
times the period to lower the high level in multistep manner,
for example, six bit periods (6T) in synchronization with the
write clock $62. The data generating circuit 135 writes infor-
mation according to the write data ¢544 for training in the
magnetic disk 50 through the read/write processing unit 302
and the write head Sw.

At this time, the level setter 3035 accesses the storage unit
125 and acquires a plurality of attenuation rate setting values
serving as candidates of the attenuation rate ‘r’ from the
setting parameter group 125a. For example, the level setter
3035 acquires attenuation rate setting values r11 and r12
illustrated in FIG. 7C from the setting parameter group 125a.
Thelevel setter 3035 selects one of the plurality of attenuation
rate setting values r11 and r12, and attenuates the amplitude
of' the reference pulse $200 in multistep manner according to
the selected attenuation rate setting value during two bit peri-
ods (2T) to generate a thermal-assisted control signal ¢555.
The level setter 3035 supplies the generated thermal-assisted
control signal $556 to the LD driver 301a. The LD driver
301a drives the light source (LD) 5a in a pulse-like manner
according to the driving signal (an LD pulse signal) $58b
corresponding to the thermal-assisted control signal ¢555.

For example, in a case where the attenuation rate setting
value r11 is selected, the amplitudes of the pulses at the first
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and second bits after the polarity of the bit is inverted become
the reference amplitude ‘A’ in the LD pulse signal ¢58b.
Further, the amplitudes of the pulses at the third and fourth
bits become (r11)xA as depicted with the bold line in FIG.
7C. Furthermore, as depicted with the bold line in FIG. 7C,
the amplitudes of the pulses at the fifth and sixth bits become
(r11)*>xA. In this regard, as depicted with the bold line in FIG.
7D, the write temperature of the magnetic disk 50 is lowered
in multistep manner (reference temperature T—write tem-
perature T11a—write temperature T115) during two bit peri-
ods (271).

Further, in a case where the attenuation rate setting value
r12 is selected, the amplitudes of the pulses at the first and
second bits after the polarity of the bit is inverted become the
reference amplitude ‘A’ in the LD pulse signal $58b. Further,
as depicted with the solid line in FIG. 7C, the amplitudes of
the pulses at the third and fourth bits become (r12)xA. Fur-
thermore, as depicted with the solid line in FIG. 7C, the
amplitudes of the pulses at the fifth and sixth bits become
(r12)*<A. In other words, since the attenuation rate of the
amplitude of the LD pulse signal $58b becomes smaller, the
write temperature of the magnetic disk 50 is changed in a
smaller dynamic range as depicted with the solid line in FIG.
7D. In other words, the write temperature is lowered in a
smaller dynamic range in multistep manner (reference tem-
perature T—write temperature T12a—write temperature
T125) during two bit periods (2T).

Then, the read/write processing unit 302 reads the infor-
mation according to the write data ¢545 for training as the
read signal ¢57 from the magnetic disk 50 through the read
head 5r. The signal quality calculating circuit 164 receives the
read signal ¢57 from the read/write processing unit 302. The
signal quality calculating circuit 164 extracts a signal com-
ponent and a noise component from the read signal $57, and
calculates an SNR by dividing the signal component by the
noise component. The signal quality calculating circuit 164
supplies the calculated SNR to the level setter 3035.

The level setter 3035 holds the SNR value supplied from
the signal quality calculating circuit 164 for each of the
selected attenuation rate setting values. Therefore, the level
setter 3035 can accumulate information relating to the read
signal quality as depicted by the dashed line in FIG. 8, and
determine an amplitude setting value of which the read signal
quality falls within an allowance range (for example, an
amplitude setting value having the highest SNR value) as the
attenuation rate ‘r’ among the plurality of attenuation rate
setting values. In the case illustrated in FIG. 8, assuming the
respective SNR values of the plurality of attenuation rate
setting values r11 and r12 as SNR11 and SNR12, the follow-
ing relation is satisfied.

SNR11>SNR12

Therefore, the attenuation rate setting value r11 among the
plurality of attenuation rate setting values r11 and r12 can be
determined as the attenuation rate ‘r’.

In addition, an error rate (ER) may be used as the recording
read signal quality instead of the signal noise ratio (SNR). In
this case, the signal quality calculating circuit 164 acquires a
result of error correction from an error correction circuit (not
illustrated) in the RDC 124 to calculate an ER value accord-
ing to the result of error correction, and supplies the ER value
to the level setter 3035. Therefore, the level setter 3035 can
accumulate information relating to the read signal quality as
depicted by the solid line in FIG. 8, and determine an ampli-
tude setting value of which the read signal quality falls within
an allowance range (for example, an amplitude setting value
having the lowest ER value) as the attenuation rate ‘r’ among
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the plurality of amplitude setting values. In the case illus-
trated in FIG. 8, assuming the respective ER values of the
plurality of attenuation rate setting values r11 and r12 as
ER11 and ER12, the following relation is satisfied.

ER11<ER12

Therefore, the attenuation rate setting value r11 among the
plurality of attenuation rate setting values r11 and r12 can be
determined as the attenuation rate ‘r’.

As described above, in the preamplifier 123 of the mag-
netic disk device 100 according to the first embodiment, when
the high frequency pattern is recorded into the magnetic disk
50, the driving unit 301 holds the high level of the LD pulse
signal ¢58 to the reference level Lref. When the low fre-
quency pattern is recorded into the magnetic disk 50, the
driving unit 301 lowers the high level of the LD pulse signal
$58 from the reference level Lref in multistep manner. There-
fore, since the reinversion in the magnetic particle group of
each bit can be suppressed in the recording area of the low
frequency pattern of the magnetic disk 50, the reliability of
the data to be written in the magnetic disk 50 can be improved,
and the read signal quality can be improved.

Further, in the preamplifier 123 of the magnetic disk device
100 according to the first embodiment, when the low fre-
quency pattern is recorded into the magnetic disk 50, the
driving unit 301 attenuates the amplitude of the LD pulse
signal ¢58 at a predetermined attenuation rate ‘r’ in multistep
manner. Therefore, when the low frequency pattern is
recorded into the magnetic disk 50, the high level of the LD
pulse signal $58 can be lowered from the reference level Lref
in multistep manner.

Further, in the preamplifier 123 of the magnetic disk device
100 according to the first embodiment, the adjusting unit 303
adjusts a parameter to lower the high level of the LD pulse
signal ¢58 in multistep manner according to the read signal
quality of the recorded write data. For example, the adjusting
unit 303 adjusts the attenuation rate ‘r’ to attenuate the ampli-
tude of the LD pulse signal ¢58 in multistep manner accord-
ing to the read signal quality. When the low frequency pattern
is recorded into the magnetic disk 50, the driving unit 301
lowers the high level of the LD pulse signal $58 from the
reference level Lref in multistep manner according to the
parameter adjusted by the adjusting unit 303. For example,
when the low frequency pattern is recorded into the magnetic
disk 50, the driving unit 301 attenuates the amplitude of the
LD pulse signal ¢58 in multistep manner at the attenuation
rate ‘r’ adjusted by the adjusting unit 303. Therefore, since the
setting parameter can be adjusted in correspondence with a
secular change of the recording property of the magnetic disk
50, the reliability of the read data can be easily improved.

It should be noted that, although the laser diode is given as
an example of the light source 5a for a thermal-assisted mag-
netic recording, the light source 5a may employ light emitting
elements besides the laser diode as long as the light emitting
element can generate light for an application of the thermal-
assisted magnetic recording.

Further, the SNR or the ER are given as examples of the
read signal quality used in the adjustment of the reference
level illustrated in FIGS. 5A to 5D and the adjustment of the
attenuation rate illustrated in FIGS. 7A to 7D, other indexes
may be used as long as the index represents the read signal
quality. For example, a viterbi metric margin (VMM), a log-
likelihood ratio (LLR), an asymmetry or the like may be used
as the read signal quality.

Further, the adjustment of the reference level illustrated in
FIGS. 5A to 5D and the adjustment of the attenuation rate
illustrated in FIGS. 7A to 7D may be performed for each zone
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in a case where the magnetic disk 50 is divided into a plurality
of'zones. The plurality of zones, for example, can be provided
by concentrically dividing the magnetic disk 50 from its
center.

Further, when the low frequency pattern is recorded into
the magnetic disk 50, the driving unit 301 may attenuate the
amplitude of the LD pulse signal ¢58 by a predetermined
attenuation amount AA in multistep manner instead of attenu-
ating the amplitude of the LD pulse signal ¢58 at the prede-
termined attenuation rate ‘r’ in multistep manner. Even in this
case, when the low frequency pattern is recorded into the
magnetic disk 50, the high level of the LD pulse signal ¢58
can be lowered from the reference level Lref in multistep
manner.

In this case, although a method of adjusting the attenuation
amount of the amplitude is basically similar to that of the
attenuation rate illustrated in FIGS. 7A to 7D, the method is
different in the following points as illustrated in FIGS. 9A to
9D.

The level setter 3035 accesses the storage unit 125 and
acquires a plurality of attenuation amount setting values serv-
ing as candidates of the attenuation amount AA from the
setting parameter group 125q. For example, the level setter
3035 acquires attenuation amount setting values AA11 and
AA12 illustrated in FIG. 9C from the setting parameter group
125a. The level setter 3035 selects one of the plurality of
attenuation amount setting values AA11 and AA12, and
attenuates the amplitude of the reference pulse $200 accord-
ing to the selected attenuation amount setting value in multi-
step manner during two bit periods (27T) so as to generate a
thermal-assisted control signal $55¢. The level setter 3035
supplies the generated thermal-assisted control signal $p55¢ to
the LD driver 301a. The LD driver 301a drives the light
source (LLD) 5a in a pulse-like manner according to the driv-
ing signal (an LD pulse signal) $58¢ corresponding to the
thermal-assisted control signal $p55¢.

For example, in a case where the attenuation amount set-
ting value AA11 is selected, the amplitudes of the pulses at the
first and second bits after the polarity of the bit is inverted
become the reference amplitude ‘A’ in the LD pulse signal
¢58¢. Further, the amplitudes of the pulses at the third and
fourth bits become A—(AA11) as depicted with the bold line in
FIG. 9C. Furthermore, the amplitudes of the pulses at the fifth
and sixth bits become A-2x(AA11) as depicted with the bold
line in FIG. 9C.

Further, in a case where the attenuation amount setting
value AA12 is selected, the amplitudes of the pulses at the first
and second bits after the polarity of the bit is inverted become
the reference amplitude ‘A’ in the LD pulse signal ¢p58c.
Further, as depicted with the solid line in FIG. 9C, the ampli-
tudes of the pulses at the third and fourth bits become
A-(AA12). Furthermore, as depicted with the solid line in
FIG. 9C, the amplitudes of the pulses at the fitth and sixth bits
become A-2x(AA12).

Then, the level setter 3035 holds the SNR value supplied
from the signal quality calculating circuit 164 for each of the
selected attenuation amount setting values. Therefore, the
level setter 3035 can determine an amplitude setting value of
which the read signal quality falls within an allowance range
(for example, an amplitude setting value having the highest
SNR value) as the attenuation amount AA among the plurality
of attenuation amount setting values. For example, assuming
the SNR values of the plurality of attenuation rate setting
values AA11 and AA12 as SNR11 and SNR12, the following
relation is satisfied.

SNR11>SNR12
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In this case, the attenuation rate setting value AA11 among the
plurality of attenuation rate setting values AA11 and AA12
can be determined as the attenuation amount AA.

(Second Embodiment)

Next, a magnetic disk device 100 according to a second
embodiment will be described. In the following, the descrip-
tion will be made focusing on portions different from the first
embodiment.

In the first embodiment, the amplitude of the LD pulse
signal ¢58 is attenuated in multistep manner to lower the high
level in multistep manner, but in the second embodiment, the
center of the amplitude of the LD pulse signal $58 is lowered
in multistep manner to lower the high level in multistep man-
ner.

Specifically, in the adjusting unit 303 of the preamplifier
123, in a case where a modulation discrimination signal indi-
cating a high frequency pattern HFP-5 illustrated in FIG. 10B
is received, the level setter 3035 (see FIG. 3) generates a
thermal-assisted control signal ¢554 as illustrated in FIG.
10C. In other words, the level setter 3035 holds the center of
the amplitude of the thermal-assisted control signal ¢55d4 to a
reference center position CPref according to a center setting
value, and supplies the thermal-assisted control signal ¢554
to the driving unit 301. Therefore, the LD driver 301a of the
driving unit 301 generates an LD pulse signal 584 such that
the high level is held to the reference level Lref, and supplies
the LD pulse signal ¢584 to the light source (LD) 5a.

In a case where a modulation discrimination signal indi-
cating a low frequency pattern LFP-5 illustrated in FIG. 10B
is received, the level setter 3035 generates the thermal-as-
sisted control signal $554 as illustrated in FIG. 10C. In other
words, the level setter 3035 lowers the center of the amplitude
of'the thermal-assisted control signal $55d from the reference
center position CPref in multistep manner by an offset
amount OFa according to an offset setting value, and supplies
the thermal-assisted control signal $55d to the driving unit
301. Therefore, the LD driver 301a of the driving unit 301
generates the LD pulse signal $584 such that the high level is
lowered from the reference level Lref in multistep manner,
and supplies the LD pulse signal $58dto the light source (LD)
Sa.

It should be noted that although a period in which the high
level is lowered in multistep manner in a case where the low
frequency pattern is written in the magnetic disk 50 has been
illustrated as one bit period (1T) in FIGS. 10A to 10E, the
period may be N (N=2) bit periods (NxT). For example, the
period in which the high level is lowered in multistep manner
can be set to two bit periods (27T). In this case, when the low
frequency pattern is written into the magnetic disk 50, the
level setter 3035 lowers the center of the amplitude of the
thermal-assisted control signal ¢554 from the reference cen-
ter position CPref in multistep manner by the offset amount
OF every two bit periods (2T). In other words, since the
period to lower the high level in multistep manner is over a
plurality of bit periods, a timing margin of the circuit (for
example, the LD driver 301a) in the preamplifier 123 can be
easily secured, and the circuit operation in the preamplifier
123 can be stabilized.

Further, a method of adjusting the offset amount is basi-
cally similar to that of the attenuation rate illustrated in FIGS.
7A to 7D, but both adjustments are different in the following
points as illustrated in FIGS. 11A to 11D.

The level setter 3035 accesses the storage unit 125 and
acquires a plurality of offset amount setting values serving as
candidates of the offset amount OF from the setting parameter
group 125a. For example, the level setter 3035 acquires offset
amounts OF21 and OF22 illustrated in FIG. 11C from the
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setting parameter group 125a. The level setter 3035 selects
one of the plurality of offset amount setting values OF21 and
OF22, and lowers the center of the amplitude of the reference
pulse $200 from the reference center position CPref in mul-
tistep manner during two bit periods (2T) according the
selected offset amount setting value so as to generate a ther-
mal-assisted control signal ¢55¢. The level setter 3035 sup-
plies the generated thermal-assisted control signal ¢55¢ to the
LD driver 301a. The LD driver 3014 drives the light source
(LD) 54 in a pulse-like manner according to the driving signal
(an LD pulse signal) ¢58e corresponding to the thermal-
assisted control signal ¢p55e.

For example, in a case where the offset amount setting
value OF21 is selected, the centers of the amplitudes of the
pulses at the first and second bits after the polarity of the bit is
inverted become the reference center position CPrefin the LD
pulse signal $58e. Further, the centers of the amplitudes of the
pulses at the third and fourth bits become CPref-(0F21) as
depicted with the bold line in FIG. 11C. Furthermore, the
centers of the amplitudes of the pulses at the fifth and sixth
bits become CPref-2x(OF21) as depicted with the bold line
in FIG. 11C.

Further, in a case where the offset amount setting value
OF22 is selected, the centers of the amplitudes of the pulses at
the first and second bits after the polarity of the bit is inverted
become the reference center position CPref in the LD pulse
signal ¢58e. Further, as depicted with the solid line in FIG.
11C, the centers of the amplitudes of the pulses at the third
and fourth bits become CPref—(0F22). Furthermore, as
depicted with the solid line in FIG. 11C, the centers of the
amplitudes of the pulses at the fifth and sixth bits become
CPref-2x(0F22).

Then, the level setter 3035 holds the SNR value supplied
from the signal quality calculating circuit 164 for each of the
selected offset amount setting values. Therefore, the level
setter 3035 can determine an amplitude setting value of which
the read signal quality falls within an allowance range (for
example, an amplitude setting value having the highest SNR
value) as the offset amount OF among the plurality of offset
amount setting values. For example, assuming the SNR val-
ues of the plurality of offset amount setting values OF21 and
OF22 as SNR21 and SNR22, the following relation is satis-
fied.

SNR21>SNR22

In this case, the offset amount setting value OF21 among the
plurality of offset amount setting values OF21 and OF22 can
be determined as the offset amount OF.

As described above, in the preamplifier 123 of the mag-
netic disk device 100 according to the second embodiment,
when the low frequency pattern is recorded into the magnetic
disk 50, the driving unit 301 lowers the center of the ampli-
tude of the LD pulse signal ¢58 in multistep manner by the
predetermined offset amount OF. Therefore, when the low
frequency pattern is recorded into the magnetic disk 50, the
high level of the LD pulse signal $58 can be lowered from the
reference level Lref in multistep manner.

Further, in the preamplifier 123 of the magnetic disk device
100 according to the second embodiment, the adjusting unit
303 adjusts the offset amount OF to lower the center of the
amplitude of the LD pulse signal ¢58 in multistep manner
according to the read signal quality. When the low frequency
pattern is recorded into the magnetic disk 50, the driving unit
301 lowers the center of the amplitude of the LD pulse signal
$58 in multistep manner by the offset amount OF which is
adjusted by the adjusting unit 303. Therefore, since the setting
parameter can be adjusted in correspondence with a secular
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change of the recording property of the magnetic disk 50, the
reliability of the read data can be easily improved.
(Third Embodiment)

Next, the magnetic disk device 100 according to a third
embodiment will be described. In the following, the descrip-
tion will be made focusing on portions different from the first
embodiment.

In the first and second embodiments, the case where the
driving unit 301 drives the light source 5a in a pulse-like
manner has been given as an example, but in the third embodi-
ment, a case where the driving unit 301 drives the light source
5a in a DC-like manner will be given as an example.

Specifically, in the adjusting unit 303 of the preamplifier
123, in a case where a modulation discrimination signal indi-
cating a high frequency pattern HFP-7 illustrated in FIG. 12B
is received, the level setter 3035 (see FIG. 3) generates the
thermal-assisted control signal ¢$55f as illustrated in FIG.
12C. In other words, the level setter 3035 shapes the thermal-
assisted control signal ¢55finto a DC-like signal and holds a
DC level of the thermal-assisted control signal ¢55fto the
reference level Lref, and supplies the thermal-assisted control
signal ¢55fto the driving unit 301. Therefore, the LD driver
301a of the driving unit 301 generates the driving signal (DC
signal) ¢58f such that the DC level is held to the reference
level Lref, and supplies the driving signal $58fto the light
source (LD) 5a.

In a case where a modulation discrimination signal indi-
cating a low frequency pattern LFP-7 illustrated in FIG. 12B
is received, the level setter 3035 generates the thermal-as-
sisted control signal $55f as illustrated in FIG. 12C. In other
words, the level setter 3035 shapes the thermal-assisted con-
trol signal ¢55 into a DC-like signal, lowers the DC level of
the thermal-assisted control signal ¢55/ from the reference
level Lref in multistep manner at the attenuation rate ‘r’ (see
FIGS. 4A to 4E) according to the attenuation rate setting
value, and supplies the thermal-assisted control signal $55/to
the driving unit 301. Therefore, the LD driver 301a of the
driving unit 301 generates the driving signal (DC signal) ¢58f°
such that the DClevel is lowered from the reference level Lref
in multistep manner and supplies the driving signal $58fto the
light source (LD) 5a.

It should be noted that a method of adjusting the attenua-
tion rate of the DC level is similar to that of the attenuation
rate in the first and second embodiments.

As described above, in the preamplifier 123 of the mag-
netic disk device 100 according to the third embodiment,
when the low frequency pattern is recorded into the magnetic
disk 50, the driving unit 301 lowers the DC level in multistep
manner at the predetermined attenuation rate ‘r’. Therefore,
when the low frequency pattern is recorded into the magnetic
disk 50, the DC level of the driving signal (DC signal) ¢58 of
the light source 5a can be lowered from the reference level
Lref in multistep manner.

Further, in the preamplifier 123 of the magnetic disk device
100 according to the third embodiment, the adjusting unit 303
adjusts the attenuation rate ‘r’ to lower the DC level in mul-
tistep manner according to the read signal quality of the
recorded write data. When the low frequency pattern is
recorded into the magnetic disk 50, the driving unit 301
lowers the DC level in multistep manner at the attenuation
rate ‘r’ adjusted by the adjusting unit 303. Therefore, since the
setting parameter can be adjusted in correspondence with a
secular change of the recording property of the magnetic disk
50, the reliability of the read data can be easily improved.

It should be noted that, when the low frequency pattern is
recorded into the magnetic disk 50, the driving unit 301 may
lower the DC level in multistep manner at the predetermined
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attenuation amount AA instead of lowering the DC level in
multistep manner at the predetermined attenuation rate ‘r’.
Even in this case, when the low frequency pattern is recorded
into the magnetic disk 50, the DC level of the driving signal
(DC signal) $58 of the light source 5a can be lowered from the
reference level Lref in multistep manner. In this case, a
method of adjusting the attenuation amount of the DC level is
similar to that of the attenuation amount in a modified
example of the first embodiment.

(Fourth Embodiment)

Next, a magnetic disk device 100 according to a fourth
embodiment will be described. In the following, the descrip-
tion will be made focusing on portions different from the first
embodiment.

In the first embodiment, the case where the adjusting unit
303 is provided in the preamplifier 123 has been given as an
example, but in the fourth embodiment, a case where the
adjusting unit 303 is provided in the RDC 124 will be given as
an example.

Specifically, as illustrated in FIG. 13, the preamplifier 123
does not include the adjusting unit 303. Instead, the RDC 124
includes the adjusting unit 303. In this case, since the signal
quality calculating circuit 164 can be disposed near the
adjusting unit 303, it is possible to transfer a signal from the
signal quality calculating circuit 164 to the adjusting unit 303
at a high rate.

Further, in a case where the adjusting unit 303 is provided
in the RDC 124, a clock signal can be easily generated at a
high rate compared to the case where the adjusting unit 303 is
provided in the preamplifier 123. For example, the LD pulse
signal can be generated at a higher frequency using the clock
having a rate higher than that of the write clock. Therefore, the
process of lowering the high level of the driving signal (the
LD pulse signal) $58 of the light source 5a from the reference
level Lref in multistep manner can be performed in a fine unit
of time.

Furthermore, since there is no need to transfer a calculation
result of the signal quality calculating circuit 164 to the
preamplifier 123, it is possible to reduce the number of trans-
mission lines between the RDC 124 and the preamplifier 123.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A magnetic disk device comprising:

a light irradiation element configured to irradiate a mag-

netic disk with light according to a driving signal; and

a control unit configured to adjust a parameter to lower

active level ofthe driving signal contributing intensity of
the light according to a read signal quality when write
data is recorded into the magnetic disk and is read, and
configured to lower, in multistep manner, the active level
of'the driving signal according to the adjusted parameter
when a low frequency pattern of the write data is
recorded into the magnetic disk.

2. The magnetic disk device according to claim 1, wherein

the control unit drives a pulse signal as the driving signal,

adjusts an attenuation rate as the parameter to attenuate
an amplitude of the pulse signal according to a read
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signal quality, and attenuates, in multistep manner, the
amplitude of the pulse signal by the adjusted attenuation
rate when the low frequency pattern of the write data is
recorded into the magnetic disk.

3. The magnetic disk device according to claim 1, wherein

the control unit drives a pulse signal as the driving signal,
adjusts an attenuation amount as the parameter to lower
an amplitude of the pulse signal according to a read
signal quality, and attenuates, in multistep manner, the
amplitude of the pulse signal by the adjusted attenuation
amount when the low frequency pattern of the write data
is recorded into the magnetic disk.

4. The magnetic disk device according to claim 1, wherein

the control unit drives a pulse signal as the driving signal,
adjusts an offset amount as the parameter to lower center
of an amplitude of the pulse signal according to a read
signal quality, and lowers, in multistep manner, the cen-
ter of the amplitude of the pulse signal by the adjusted
offset amount when the low frequency pattern of the
write data is recorded into the magnetic disk.

5. The magnetic disk device according to claim 1, wherein

the control unit drives a DC signal as the driving signal,
adjusts an attenuation rate as the parameter to lower a
level of the DC signal according to a read signal quality,
and lowers, in multistep manner, the level of the DC
signal by the adjusted attenuation rate when the low
frequency pattern of the write data is recorded into the
magnetic disk.

6. The magnetic disk device according to claim 1, wherein

the control unit drives a DC signal as the driving signal,
adjusts an attenuation amount as the parameter to lower
a level of the DC signal according to a read signal qual-
ity, and lowers, in multistep manner, the level of the DC
signal by the adjusted attenuation amount when the low
frequency pattern of the write data is recorded into the
magnetic disk.

7. A preamplifier which controls a driving signal in a mag-
netic disk device including a light irradiation element to irra-
diate the magnetic disk with light according to a driving
signal,

the preamplifier comprising:

a control unit configured to adjust a parameter to lower
active level ofthe driving signal contributing intensity of
the light according to a read signal quality when write
data is recorded into the magnetic disk and is read, and
configured to lower, in multistep manner, the active level
of the driving signal according to the adjusted parameter
when a low frequency pattern of the write data is
recorded into the magnetic disk; and

a driving unit configured to supply the driving signal con-
trolled by the control unit to the light irradiation element.

8. The preamplifier according to claim 7, wherein

the driving unit drives a pulse signal as the driving signal,

the control unit adjusts an attenuation rate as the parameter
to attenuate an amplitude of the pulse signal according to
a read signal quality, and

the driving unit attenuates, in multistep manner, the ampli-
tude of the pulse signal by the adjusted attenuation rate
when the low frequency pattern of the write data is
recorded into the magnetic disk.

9. The preamplifier according to claim 7, wherein

the driving unit drives a pulse signal as the driving signal,

the control unit adjusts an attenuation amount as the
parameter to lower an amplitude of the pulse signal
according to a read signal quality, and

the driving unit attenuates, in multistep manner, the ampli-
tude of the pulse signal by the adjusted attenuation
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amount when the low frequency pattern of the write data
is recorded into the magnetic disk.

10. The preamplifier according to claim 7, wherein

the driving unit drives a pulse signal as the driving signal,

the control unit adjusts an offset amount as the parameter to
lower center of the pulse signal according to a read
signal quality, and

the driving unit lowers, in multistep manner, the center of
the amplitude of the pulse signal by the adjusted offset
amount when the low frequency pattern of the write data
is recorded into the magnetic disk.

11. The preamplifier according to claim 7, wherein

the driving unit drives a DC signal as the driving signal,

the control unit adjusts an attenuation rate as the parameter
to lower a level of the DC signal according to a read
signal quality, and

the driving unit lowers, in multistep manner, the level of the
DC signal by the adjusted attenuation rate when the low
frequency pattern of the write data is recorded into the
magnetic disk.
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12. The preamplifier according to claim 7, wherein

the driving unit drives a DC signal as the driving signal,

the control unit adjusts an attenuation amount as the
parameter to lower a level of the DC signal according to
a read signal quality, and

the driving unit lowers, in multistep manner, the level ofthe
DC signal by the adjusted attenuation amount when the
low frequency pattern of the write data is recorded into
the magnetic disk.

13. A control method of controlling a magnetic disk device,

the method comprising:

adjusting a parameter to lower active level of a driving
signal of a light irradiation element according to a read
signal quality when write data is recorded into a mag-
netic disk and is read, the light irradiation element being
configured to irradiate a magnetic disk with light, the
active level contributing intensity of the light; and

lowering, in multistep manner, the active level of the driv-
ing signal according to the adjusted parameter when a
low frequency pattern of the write data is recorded into
the magnetic disk.
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